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Original Article 

Pregnane triol in the Range of 1.2-2.1 mg/m 2 /day as an 
Index of Optimal Control in CYP21A2 Deficiency 

Masako Izawa 1 , Keiko Aso 1 , Asako Higuchi 1 , Daisuke Ariyasu 1 and Yukihiro Hasegawa 1 

'Department of Endocrinology and Metabolism, Tokyo Metropolitan Kiyose Children's Hospital, Tokyo, Japan 

Abstract. Auxological data is the gold standard index of the therapeutic condition in CYP21A2 
deficiency over a long-range period, whereas urinary pregnanetriol for 24 h (PT) is variable for a 
shorter-range period. Ideal PT levels in comparison with auxological data have not been reported. 
The main purpose of this study was to analyze ideal PT values as an index of optimal control for 
CYP21A2 deficiency. First, inter-daily fluctuation of PT was analyzed in one participant. PT levels 
were distributed over a wide range of 0.44-14.7 mg/day (n=42) in this participant, suggesting that the 
therapeutic condition should be judged by multiple PT samples. Second, the therapeutic periods of 15 
participants with CYP21A2 deficiency were classified using auxological data and Cushing-like symptoms, 
and the PT levels were analyzed in each period retrospectively. The 95% confidence intervals for the 
means of the PT levels in the excessive, good and poor control periods were 0.03-1.25 (n=26), 1.23- 
2.09 (n=116), and 5.35-8.37 (n=72) mg/m 2 /day, respectively. In conclusion, 1.2-2.1 mg/m 2 /day of PT 
values can be used as an index of optimal control in CYP21A2 deficiency. 
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Introduction 

CYP21A2 deficiency is an autosomal 
recessive disease caused by mutations in the 
CYP21A2 gene (1). About 90% of cases of 
congenital adrenal hyperplasia are due to 
mutations in the CYP21A2 gene (1), and its 
incidence is about 1 in 20,000 live births in Japan 
(2). The aims of treatment for CYP21A2 
deficiency are to supply glucocorticoids and 
mineralocorticoids and to suppress excessive 
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secretions of androgen and ACTH. The major 
goals of the treatment are to maintain normal 
growth and to allow normal sexual maturation in 
order for the patient to achieve normal adult 
height and fertility. Glucocorticoids have a 
narrow optimal therapeutic dose and 
overtreatment leads to Cushing-like symptoms. 
Conversely, undertreatment leads to increased 
height velocity, advanced bone age and 
hyperpigmentation due to excesses of androgen 
and ACTH. Therefore careful monitoring of 
clinical, auxological and biochemical indexes has 
been used to judge the therapeutic condition. 

Auxological data is the gold standard index 
of the therapeutic condition in patients with 
CYP21A2 deficiency over a long-range period 
(months to a year) (3-5) . Urinary pregnanetriol 
for 24 h (PT) (5-8) and serum 170H- 
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Table 1 Participants 





Sex 


SW 


Genital ambiguity 


170HP 


Mutation 


1 


F 


+ 


+ 


97.7* 




2 


F 


+ 


+ 


131* 




3 


F 


+ 


+ 


296 


del or conv/del or conv 


4 


F 


+ 


+ 


1023 


IVS2-13A^>G/R356W 


5 


F 






220 




6 


F 




+ 


125 




7 


F 


+ 


+ 


26 




8 


F 


+ 


+ 


133* 




9 


F 


+ 


+ 


391* 




10 


F 


+ 


+ 


54.3 




11 


F 


+ 


+ 


18 




12 


F 


+ 


+ 


124 


IVS2-13A^>G/IVS2-13A^G 


13 


F 


+ 


+ 


173 


IVS2-13A^G/R356W 


14 


M 


+ 




137 


IVS2-13A^G/IVS2-13A^G 


15 


M 


+ 




86.8 




16 


M 


+ 




474 


del or conv/I172N, R356W 



SW: salt-wasting symptoms (hyponatremia, hyperkalemia, raised plasma renin 
activity and failure to thrive). 170HP (ng/mL): the level at the diagnosis, *: the 
maximum level. Mutation: mutation of CYP21A2 gene. 9 & 10 and 12 & 14 are 
siblings. 



progesterone (170HP) (6-10) are used as 
indexes for a shorter-range period (hours to 
days). Previous studies have shown that single 
random measurement of 170HP was not reliable, 
because it fluctuated widely depending on the 
circadian rhythm of ACTH (9, 10). PT 
presumably can be used as a more stable index 
of the therapeutic condition than 170HP in 
patients with CYP21A2 deficiency. Ideal PT 
levels in comparison with auxological data have 
not been reported. The main purpose of this 
study was to analyze ideal PT values as an index 
of optimal control, compared with auxological 
data and Cushing-like symptoms. 

Participants 

Sixteen participants with CYP21A2 
deficiency (3 males and 13 females) who had 
been followed up in Tokyo Metropolitan Kiyose 
Children's Hospital were studied. The 



characteristics of all the participants are shown 
in Table 1. As replacement therapy, oral 
hydrocortisone or dexamethasone was used for 
all participants, and fludrocortisone was used 
together except for one participant who had the 
simple virilizing form (Table 1; participant 6). 
CYP21A2 gene analyses were performed for 6 
participants after obtaining informed consent of 
the participants and/or their parents, and its 
mutations were identified for all the participants. 

Methods 

1. Auxological data 

Standard deviation scores (SDS) of height 
(HT) and body weight (BW) were analyzed for 
15 participants (Table 1; participant 2-16) using 
software, Growth Curve for Access 2000 (11). 
In this software, the normalized growth curve 
was drawn based on the results of the survey 
conducted by Japanese Ministry of Health, 
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Labour and Welfare (12) and the Ministry of 
Education, Culture, Sports, Science and 
Technology (13) in 2000. Monthly standard 
levels of HT and BW were defined and SDSs of 
HT and BW were calculated using the LMS 
method (14, 15). The original sources of the 
growth curve (12, 13) in this program were the 
same as those of another growth curve published 
by Ito et al. (16). 

2. PT 

Inter-daily fluctuation of PT 

Inter-daily fluctuation of PT was analyzed in 
one adult participant (Table 1; participant 1). 
This participant took medication and collected 
the 24-h urine samples at her home under the 
supervision of her mother. Forty-two urine 
samples for PT measurements were obtained over 
a period of about 3 yr (25-28 yr old) and the 
creatinine index was distributed within a range 
of 11.9-26.5 mg/kg/day. The participant was 
treated with about 30 mg/m 2 /day of 
hydrocortisone given twice and the dose was not 
changed during the period. Her body weight 
was fairly constant (48.3-49.0 kg) during the 
analysis period. 

Standard values ofPT as indexes of therapeutic 
conditions 

For 15 participants (Table 1; participant 2- 
16), 24-h urine samples for PT measurements 
were taken at their homes or at our hospital every 
1-3 mo. The creatinine index was used to judge 
the accuracy of the urine collection, and only 
samples with 10-25 mg/kg/day of creatinine index 
were analyzed retrospectively in this study. 

PT levels were analyzed in the periods shown 
in Fig. 1 and Table 2. PT measurements from 
the first and last months of the periods were 
excluded from the analysis. 

Excessive weight gain period: When change 
of BW SDS was more than 0.5/yr during the late 
pubertal period (male > 14 yr old, female > 12 
yr old), it was classified as an excessive weight 



123456789 



II 12 II 14 IS 19 1? 11 




1 2 3 4 5 6 7 9 9 10 11 12 13 14 15 19 17 19 



Fig. 1 Growth curve. 

1 . Excessive weight gain period 

2. Good control period 

3. Poor control period 



gain period. The periods ranged from 5-17 mo 
and BW SDSs steadily increased in these periods. 
These periods may reflect overtreatment. 

Good control period: When maximal change 
of HT SDS was less than ± 0.2/yr during the 
prepubertal period (Tanner stage 1), it was 
classified as a good control period. The periods 
ranged from 12-30 mo. These periods may 
reflect appropriate treatment. 

Poor control period: When change of HT 
SDS was more than 0.4/yr during the prepubertal 
period, it was classified as a poor control period. 
The periods ranged from 5-23 mo and HT SDSs 
continuously increased in these periods. These 
periods may reflect undertreatment. 
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Table 2 Definitions of the investigative periods 



Periods 



Change of 
BWSDS 



Change of 
HT SDS 



Others 



Overtreatment 

(1) Excessive weight gain period 
(4) Excessive control period 



Appropriate treatment 

(2) Good control period 

Undertreatment 

(3) Poor control period 



late puberty 

pre & late puberty 



prepuberty 
prepuberty 



> +0.5 /yr 



t0.2 /yr 



> +0.4 /yr 



Cushing-like 
symptoms or Overdose 
dexamethasone 



Three periods (1-3) were defined by auxological data. Newly defined period (4) was used instead of the 
excessive weight gain period (1) as an overtreatment state. 



The PT levels in the excessive weight gain 
period were distributed widely and they 
overlapped with PT levels in the other 2 periods 
(see Results). Thus, the reason for the wide 
distribution of PT was analyzed and a fourth 
period, the excessive control period (Table 2), 
was newly defined as described below. 

Excessive control period: When the 
participants had Cushing-like symptoms (moon 
face, striae, etc), they were classified under the 
excessive control period. 

3. Assays 

Urinary PT was measured by gas 
chromatography-mass spectrometry using a HP- 
6690 mass selective detector (Bio Medical 
Laboratories) with a sensitivity of 0.05 mg/L. The 
inter-assay coefficients of variation (C.V.) and 
intra-assay C.V. were 5.66% and 3.78%, 
respectively, at physiological concentrations. 

Serum 170HP was measured by a solid phase 
RIA using a DPC 17ci-OH progesterone kit 
(Diagnostic Products Corporation) with a 
sensitivity of 0.07 ng/mL. The inter-assay C.V. 
and intra-assay C.V. were both < 10% at 
physiological concentrations. 



4. Statistics 

Comparisons between the 3 control periods 
(excessive, good and poor control period) were 
performed using Mann-Whitney's U test. Tenth 
to 90th percentile ranges, 25th-75th percentile 
ranges and 95% C.I. of PT levels in each period 
were calculated. 

Results 

1. Inter-daily fluctuation of PT 

PT levels were distributed in a wide range 
of 0.44-14.7 mg/day (n=42) in participant 1 (Fig. 
2), suggesting that the therapeutic condition 
should be judged by multiple PT samples. 

2. Standard values of PT as indexes of 
therapeutic conditions 

PT levels were distributed in a range of 0.05- 
25.93 (29 samples from 5 participants, aged 12 
yr and 10 mo to 17 yr and 4 mo), 0.06-13.06 
(116 samples from 10 participants, aged 2 yr 
and 6 mo to 9 yr and 7 mo) and 0.08-30.0 (72 
samples from 7 participants, aged 2 yr and 5 mo 
to 7 yr and 3 mo) mg/m 2 /day in the excessive 
weight gain period, the good control period and 
the poor control period, respectively (Fig. 3). 
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For the good and poor control periods, 11.5— 
31.9 and 11.8-24.3 mg/m 2 of hydrocortisone were 
used, respectively. Dosage adjustments occurred 
in 5 of 10 participants and 4 of 7 participants in 
the good and the poor control periods, 
respectively. 

The PT levels in the excessive weight gain 
period were distributed widely and they 
overlapped with PT levels in the other 2 periods. 
Thus, we analyzed the reason for the wide 
distribution. In this period, 3 of the 5 participants 
had high PT levels despite excessive weight gain. 
Transitions of PT levels, BW and dose of drugs 
in 2 of these 3 participants (Table 1 ; participant 
6 & 12) are shown in Table 3. The dose of 
hydrocortisone had been increased gradually 
from 1 yr before these periods, because their 
therapeutic conditions were judged as 
undertreatment. It seems that the high PT levels 
in these periods were influenced by the preceding 
undertreatment periods. The reason for 
excessive weight gain in the other participant 
(Table 1; participant 2) was unknown. However 
it was not related with overtreatment, because 
she did not have any other Cushing-like 
symptoms and the dose of hydrocortisone had 
not been increased around this period. Taken 
together, the excessive weight gain periods in 
these 3 participants did not reflect overtreatment. 
The other 2 of the 5 participants in the excessive 
weight gain period had low PT levels (6 samples, 
0.1-0.19 mg/m 2 /day). 

Therefore, we created a fourth period, the 
excessive control period, defined as an 
overtreatment state instead of the excessive 
weight gain period as stated above. PT levels 
were distributed in a range of 0.05-8.6 mg/m 2 / 
day (26 samples from 5 participants) in the 
excessive control period, and the range was 
significantly lower than those of the other 2 
periods (Fig. 4). Tenth to 90th percentile ranges, 
25th-75th percentile ranges, and 95% C.I. of PT 
levels of the 3 control periods are shown in Table 
4. These ranges had a tendency to increase with 
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Fig. 2 Inter-daily fluctuation of PT. 
PT levels fluctuated 0.44-14.7 
mg/day (n=42). 
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1 . Excessive weight 2. Good control 3. Poor control period 
gain period (n = 29) period (n = 116) (n = 72) 

Fig. 3 PT in the 3 periods classified by auxological 
data. PT levels were distributed over the 
ranges of 0.05-25.93, 0.06-13.06, 0.08-30.0 
mg/m 2 /day in the excessive weight gain, good 
control and poor control periods, 
respectively. 
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Table 3 PT levels, BW and dose of drugs of 2 participants in the excessive weight gain period 

Omo 1 mo 2 mo 3 mo 4 mo 5 mo 6 mo 7 mo 10 mo 11 mo 12 mo 13 mo 14 mo 

Participant 6 

PT (mg/m 2 /day) 16.46 17.95 13.6 8.57 13.98 7.95 5.07 11.35 0.15 0.05 0.05 

BW(kg) 55.9 60.4 62 62.6 69.7 

Dose of hydrocortisone 

(mg/m 2 ) 9.7 ____________ 

Dose of dexamethasone 

(mg/day) 0.2 ^ 0.4 ^ ^ 

Participant 12 

PT (mg/m 2 /day) 22.7 25.93 19.07 8 2.19 0.77 

BW(kg) 45 48 53 

Dose of hydrocortisone 

(mg/m 2 ) 23 -» -» off 21.5 24 

Dose of dexamethasone 

(mg/day) 1.5 off 

These participants had high PT levels despite excessive weight gain. 



J 90 % tile 

' 75 % tile 
50 % tile 
25 % tile 



1 



r 

PT ( mg/m 2 /day) 

30 
25 
20 
15 
10 

5 

0 



p = 0.0005 



p< 0.0001 



p = 0.0005 



4= 



O 1 "" 



10% tile 



4. Excessive control 
period (n = 26) 
Newly defined 



2. Good control 
period 
(n - 116) 



3. Poor control 
period 
(n = 72) 



Fig. 4 PT in the periods 2, 3 and 4. PT levels were 
distributed over the range of 0.05-8.6 mg/m 2 / 
day in the newly defined excessive control 
period. Comparisons between the 3 periods 
were performed using Mann- Whitney's U test. 



deterioration of the control state and 95% C.I. of 
PT levels in each period had narrow overlapping 
ranges. 

When PT levels were analyzed similarly using 
another growth curve (16), we obtained nearly 
identical results. For example, 95% C.I. of PT 
levels in the good control period was 1.23-2.11 
(n=89) mg/m 2 /day. 

Discussion 

The aims of treatment for CYP21A2 
deficiency are to maintain a normal growth 
velocity, to suppress the effects of excessive 
androgen secretion, to allow normal puberty and 
to achieve a final height as close to patient's 
target height as possible. Auxological data is 
the most reliable index of the therapeutic 
conditions over a long-range period. On the other 
hand, biochemical measurements have been used 
as indexes of the therapeutic condition over a 
shorter-range periods, and previous studies have 
shown their values (5-10). PT is one of these 
indexes and it can be used as a more stable index 
than 170HP. 

In this study, ideal PT values as an index of 
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Table 4 Ranges of PT in the 3 control periods 





Excessive control 


Good control 


Poor control 




(n=26) 


(n=116) 


(n=72) 


10th-90th percentile 


0.09-1.4 


0.08-4.01 


0.76-15.17 


25th-75th percentile 


0.11-0.19 


0.19-1.96 


1.58-11.83 


95% confidence intervals for the mean 


0.03-1.25 


1.23-2.09 


5.35-8.37 



(mg/m 2 /day) 



optimal control were analyzed. Auxological data 
and Cushing-like symptoms were used to define 
therapeutic conditions. As far as we know, this 
is the first report in which ideal values of PT 
have been analyzed using auxological data in 
patients with CYP21A2 deficiency. 

Lack of samples in the infantile and pubertal 
periods is a limitation of this study. It was 
difficult to collect 24-h urine samples in the 
infantile period and to assess auxological data in 
the pubertal period. Therefore, the usefulness 
of our values of PT were not proven in infantile 
and pubertal periods in this study. A previous 
study has shown that the ranges of PT indicating 
optimal control in patients with CYP21A2 
deficiency were 0.05-0.2, 0.2-1.5 and 0.5-3.0 mg/ 
day in the infantile, child and adult periods, 
respectively (6). When these ranges were 
adjusted for body surface areas of infants (from 
3-24 mo of age; 0.33-0.52 m 2 ) (12), children 
(from 6-10 yr of age; 0.83-1.16 m 2 ) (13) and 
adults (1.73 m 2 ), they became 0.1-0.61, 0.17- 
1.81, and 0.28-1.73 mg/m 2 /day in the infantile, 
child and adult periods, respectively. Since these 
adjusted PT ranges of child and adult periods 
are close, our ranges of PT may be useful in the 
pubertal and adult periods, similarly to the 
prepubertal period. 

In conclusion, 1.2-2.1 mg/m 2 /day of PT can 
be used as an index of optimal control for 
CYP21A2 deficiency during the prepubertal 
period. This is the range of 95% C.I. of PT levels 
in the good control periods, and it can be used 
during the pubertal and adult periods, as well. 



However, the therapeutic condition should be 
judged by multiple PT samples, because it may 
fluctuate from day to day. 
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